Objective: To examine the relationship between fat preference, dietary intake data and body composition in children. Subject and Methods: Subjects studied were 88 children aged 9±12 y from two elementary schools in Ohio. Measures for dietary intake and body composition were obtained by 3 day diet records, anthropometrics, triceps and subscapular skinfolds. Fat preference data was assessed by hedonic rating of high and low fat snack foods. Results: Data indicate that children who preferred the high fat snack items had high dietary fat intakes (r 0.57, P`0.05). Tricep skinfold measurement and BMI correlated positively with high fat food preferences (r 0.51 and r 0.46 P`0.05). Conclusions: These data suggest preference for high fat foods may occur due to diet composition and that increased adiposity may be associated with higher relative fat intakes.
Introduction
Obesity has become a signi®cant public health problem for both adults and children in the USA. NHANES data collected since the early 1970s, indicate that obesity has been increasing in all age/gender groups. This national level data is reinforced by long-term studies. Results from the Bogalusa Heart Study indicate that since 1973, 10 y old children in the same communities are progressively heavier. The children reported on in 1993 were an average 1.36 kg heavier than those in the same age group studied in the 1970s (Nicklas et al, 1993) .
Diets high in fat have been associated with the development of obesity in adult men and women (Dreon et al, 1988; George et al, 1990; Klesge et al, 1992; Miller et al, 1990; Prewitt et al, 1991) . Analyses of children's diets in the USA suggest that over 35.6% of the energy intake is from fat; saturated fats account for 13±13.8% of the energy intake and dietary cholesterol intake is well in excess of 300 mg/dL (Nicklas et al, 1993) . The American Academy of Pediatrics has released dietary guidelines recommending that children 2 y and over derive no more than 30% of energy from fat (American Academy of Pediatrics, 1992) .
The sensory contributions of fats in foods may promote over consumption of this macronutrient. Studies in obese adults have shown that they prefer fat-rich, sugar-rich, or fat-rich sugar rich foods (Rodin et al, 1976; Gates et al, 1975; Drewnowski & Greenword, 1983; Drewnowski et al, 1985) . Because taste is the primary determinate of food choice in children a key to fat reduction may be to provide reduced fat foods that mimic the full fat versions (Cross et al, 1994) . There are few studies in children addressing hedonic responses to fats in foods or their dietary habits (Birch, 1979; Fisher & Birch, 1995; Gazzaniga & Burns, 1993) . These studies did not perform analyses of free living dietary habits and in preference testing the variation of fat was performed in a single food stimulus.
The present work was intended to: (1) investigate the possible relationship between dietary fat intake and sensory preferences for fat; (2) assess the possible relationship between dietary fat intake and body composition.
Methods

Subjects
Participants were eighty-eight children (51 males and 37 females) ranging in age from 9±12 y (mean age 10.8). All of the children attended one of the two elementary schools in Cincinnati, OH and were in 5th or 6th grade. Children with food allergies or other limitations to the consumption of test stimuli or chronic illness were excluded. Students and parents were asked to read an explanation of the study and to sign an informed consent document. This study was approved by the University of Cincinnati Institutional Review board for research involving human subjects.
Diet records
The 3 d dietary record was modi®ed and pilot tested for comprehension at the ®fth and sixth grade levels. A separate sheet picturing average serving sizes, for example a cup, a 3 oz serving, was attached to the 3 d dietary record to aid in quantifying their food intake. Minor alterations were made to the sheet picturing serving sizes before it was given to the students. The 3 d dietary records were presented and explained to the 88 students on a Wednesday. The students were instructed to record the foods eaten on Thursday, Friday and Saturday. The dietary records were returned on Monday. In addition parents were mailed information on how to complete a food record and dates the records were to be completed. Three questionnaires were not returned or had to be eliminated because of incomplete records, leaving 85 acceptable 3 d dietary records.
Sensory testing
Sensory stimuli presented for hedonic evaluations were regular and low fat versions of four baked snack foods most frequently consumed by this group of subjects. The snack foods were selected by subjects naming and submitting a recipe of their four favorite baked snack foods. The four most frequently identi®ed snack foods and the most frequently submitted recipe for each snack food was prepared as well as a low fat version of each food. Sensory stimuli presented for taste and hedonic evaluation were brownies, chocolate cake, chocolate chip and peanut butter cookies. Nutrient composition of the snack foods are summarized in Table 1 . All products were made on the same day no more than 36 h before use and stored at 6.5 C. Fifteen gram samples served at room temperature, were always presented to the children in separate 4 oz clear plastic cups which were coded with a three-digit number on the bottom. The order of presentation of food items and fat level within each item were randomized. Sensory testing took place in two sessions. Two of the four snack foods were tasted at a session. Subjects were requested to try the sample and evaluate it on a nine point hedonic scale ranging from`super bad' to`super good'. The nine-point category scale has been previously suggested for use by subjects this age (Knoll, 1990; Schraidt, 1991) . After each sample the subjects were allowed to rinse their mouth with room-temperature tap water. Each session of two samples was evaluated by each subject two consecutive times. The ®rst evaluation of each sample was considered a practice and familiarization trial and was discarded.
Body composition
Height and weight were measured using a standard balance beam scale and obtained from each child by trained research assistants. Subjects wore light clothing and no shoes. Height was recorded to the nearest centimeter and weight was recorded to the nearest kilogram. Body mass index was computed from the formula weight/height 2 which is generally considered to be the preferred index of relative body weight as an estimate of adiposity (Keys et al, 1972; Killeen et al, 1978) . Tricep and subscapular skinfold measurements were also performed. Measurements were taken on the right side in triplicate and recorded to the nearest millimeter using a skinfold caliper.
Data analysis
Sensory items, and dietary intake and portion sizes were analyzed by using the Nutritionist IV version 3.5 software program (N 2 Computing, San Bruno, Calif.). Dietary and sensory data were analyzed using Statistical Analysis System (version 6.08, 1900. SAS Inc, Cary, NC). Sample preference was computed by hedonic score rating. Linear regression and Pearson correlation coef®cients were used to assess the relationships among measures of dietary fat intake, body composition and preferred fat levels in snack items.
Results
Nutrient intake, expressed as a percentage of daily energy intake for the 3 d dietary assessment is presented in Table  2 . These results correspond with the typical diet of American children with 13.9% of total calories from protein, 51.5% from carbohydrate and 35.6% from fat (Nicklas et al, 1993) .
Correlation analyses for fat preference, dietary fat intake and body composition are presented in Table 3 . Student fat preference correlated signi®cantly and positively with students percent fat intake, energy intake, however, was not related. As shown in Figure 1 children who showed preferences for the high fat snack foods also had a high total fat intake. Tricep skinfold measurements and students BMI were positively correlated with fat preference. Subscapular skinfold measurements were not related.
The association between the percent dietary fat intake and body composition is also shown in Table 3 . There was no signi®cant relationship between dietary fat intake and BMI and subscapular skinfolds. Tricep skinfold measurements and dietary fat intake, however, was approaching signi®cance.
Discussion
The results of this study revealed a positive correlation between student preference for high-fat food and the overall level of dietary fat in their diet. Similar results were reported in a study by Fisher & Birch (1995) who found that children who preferred high-fat foods consumed a high percentage of total energy as dietary fat. In addition, earlier work by Birch (1979) also suggested that the variability of dietary fat in children's diets is related to their food preferences.
Research relating dietary fat intake and food preferences in adults is mixed. Pangborn et al (1985) noted that women consuming high levels of dietary fat in their diet preferred dairy products high in dietary fat, this trend though was not found in other studies (Pangborn & Giovanni, 1984; Mela & Sacchetti, 1991) . Mattes (1993) suggested that the frequency of sensory exposure to fats may exert a stronger in¯uence on hedonic ratings of foods containing fat than total fat intake. If children are exposed to a low fat diet then they may prefer foods which are also low in fat.
Research suggests that food preferences and eating practices are established at an early age (Rozin, 1984; Birch, 1979) . Children learn to prefer tastes,¯avors and even textures that are associated with high energy density and quickly learn to select foods that are rich in fat (Fisher & Birch, 1995) . Thus, in general, children consume a high level of dietary fat (Saltz et al, 1983; Wardle & Beales, 1986) . A recent food frequency study by Simons-Morton et al (1990) found that few foods account for a signi®cant portion of children's diet. The authors reported that the most frequently selected 25 top foods accounted for 64% of food choices across all meals. Furthermore, out of the top 25 foods selected that 17 exceeded the recommended levels for fat, saturated fat or sodium by at least 50%. Thus, the quality of a child's diet can be signi®cantly affected by their consumption of acceptable low-fat foods. A positive correlation between fat preference and measures of adiposity was also found. Students who preferred the high fat snacks had high tricep skinfold measurements. Fisher & Birch (1995) noted similar ®ndings. Although this study did not show a signi®cant relationship between dietary fat intake and the tricep skinfold or subscapular skinfold measurement these results were approaching the signi®cance level. In adults, two studies reported that increased adiposity may be associated with higher relative fat intakes (Dreon et al, 1988; Romieu et al, 1988) . Gazzaniga & Burns (1993) found that obese children consume signi®cantly greater proportions of their overall energy in the form of dietary fat. Several studies have found similar results in adults (Dreon et al, 1988; Kromhout et al, 1988; Romieu et al, 1988; Miller et al, 1990; Tucker & Kano, 1992) . In the study by Gazzaniga & Burns (1993) the interviewer observed that obese children tended to report more high-fat snack-food consumption. If parents consistently expose their children to high-fat foods they are shaping the child's food preferences and may be setting them up for life long obesity (Shapiro et al, 1984) .
Conclusions
These data suggest that food preference is related to dietary fat intake and body composition. The illusion of fat content can be achieved with the use of fat replacement products. Recent advances in food science have produced a range of foods that provide the sensory equivalent of fat texture, without the fat. The advice to reduce dietary fat represents existing dietary guidelines designed to promote health and well-being. Children who are exposed to foods with lower fat levels may develop a preference for these foods which may help children achieve a diet that contains moderate or even low levels of fat. Figure 1 Relationship between recorded dietary fat intake and sensory preference for fat.
Dietary fat intake and body composition in children CD Ricketts
